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I. Introduction

The basic objective of our AFOSR research has emphasized the
development of x-ray photoelectron spectroscopy in characterizing
electrochemical reaction mechanisms. During the last several years,
we have focused our attention on developing XPS as a mechanistic aid
in following electrode reactions, primarily those whose surfaces can
be altered by the formation of oxide layers. In addition, the method
has proved valuable in examining the surface chemistry of metal
electrodes where monolayers of foreign metal ions can be deposited at
underpotential. These studies are particularly relevant to electro—
catalysis since trace metals interacting with an electrode surface can
drastically alter the electrode characteristics. Finally, we have
exploited the idea that the information gleaned about surfaces by XPS
can be greatly enhanced by coupling this spectroscopy with other types
such as secondary ion mass spectrometry (SIMS). Examples of the
accomplishments relative to these specific objectives will not be

discussed in more detail.

II. Results and Discussion

The major advantages of XPS to the study of electrode surfaces
are that the depth sensitivity to most metals is quite high with the
escape length of the emitted electrons occurring only through 10-208
of the sample surface. In addition, the measured binding energies are

sensitive to the oxidation state of the metal atom. Using our specially
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designed apparatus for transferring the electrode into the vacuum
system (1), we have successfully monitored the growth of PtQ, Pt(OH)2
and PtO2 films on platinum oxidized in acidic media. It was also
possible to monitor the thickness of the overlayer by following the
intensity of the various peaks. For example, the limiting thickness
of the "oxide I" was found to be 83 (1). Higher acid concentrations
also induced anion incorporation into the oxide layer which suggested
that these components provided the mechanistic key to control the

growth of oxide and to prevent multilayer PtO, growth on platinum

2

electrodes.

The sensitivity of XPS makes it ideally suited to examining sub-
monolayer quantities of impurities on electrodes. Certain metal ions,
for example, are known to reduce below their thermodynamic potential,
in the submonolayer regime. We have examined this underpotential
deposition for Ag and Cu on Pt electrodes by both XPS and Auger
spectroscopy(2) . XPS chemical shifts of -0.65 and -0.95 eV vs. the
bulk metal have been observed although no distinction was noted
between the various underpotential states present in the cyclic
volammogram. The shifts were identical to vapor-deposited submonolayer
films of Ag and Cu on Pt in the low coverage (0 v 0.1) limit. A
gradual shift with coverage to the bulk metal value for _.he vapor-
deposited films and a constant shift with coverage for the under-

potential deposit indicated that islanding was present only in the

evaporated films. Measurement of the Cu and Ag Auger spectra gave




sl gl e gl

vt e - e e -

3

results independent of the surface work function when compared to the
XPS spectra. Interpretation of this Auger parameter is, however, at
present ambiguous. These results provide an excellent beginning

in our understanding of the electronic structure of these important
electrode surfaces.

Of special recent interest is the incorporation of additional
surface analysis methods to our XPS spectrometer. The combination of
XPS and SIMS seems particularly appropriate since many of the dis-
advantages of XPS are offset by the additional capability of SIMS.

Its ability to detect hydrogen is such an example. Our instrument
design philosophy is to connect two satellite vacuum systems via a

set of magnetically driven transfer devices (3). This configuation
allows each technique to have its own chamber and allows a separate
chamber for electrode preparation. This combined approach has been
illustrated in numerous applications (4-8) of the study of metal/oxygen
systems.

A final accomplishment in the work is the investigation of high
energy ion beams for use in the ion implantation of various substrates
aimed at the possibility of creating new materials with unusual
properties (9,10). Our initial studies have been focused on the use

of Cu+, Ag+ and An+ ion beams directed toward SiO, and graphite. For

2
these systems, the XPS measurements reveal the implanted atoms have
atomic~like electronic structures similar to the underpotential de-
position procedure discussed earlier. The relevance of these investigations

to electrochemical studies is preliminary, but this idea has considerable

future potential, since ion implantation methods could be used to




L %,

4

prepare high purity doped electrodes or to prepare corrosion resistance

1 . surfaces by implantation of trace quantities of transition metals.

In conclusion, our work has focused on the development of modern

‘ surface anaiysis methods, particularly XPS and SIMS, for the characterization
of metal or electrochemically modified surfaces. The chemical specificity
and surface sensitivity of these methods clearly provides a new

dimension to our ability to characterize these systems. It will be
particularly interesting in the future to extend these systems to

more complex surfaces such as alloys and metals covered with organic

films, since the electrochemical properties of these assemblages are

only barely known.
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